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Abstract— Sixty-eight bacterial cultures were isolated from 5 archaeological soils in Egypt. It is necessary to
characterize bacteria from ancient temples to develop protection programs for such archaeological places.
Purified bacterial cultures were then tested for their capability to inhibit some multi-drug resistant ((MDR)
pathogenic bacteria including Staphylococcus aureus, Listeria monocytogenes, Bacillus cereus, Escherichia coli
and Klebsiella pneumoniae. Among the most active 10 antibacterial isolates, only one isolate designated as
SsI, was selected, characterized and identified as belonging to Bacillus amyloliquefaciens. The strain identifi-
cation was confirmed by amplification of its 16S rRNA gene. The partial nucleotide sequence of the amplified
16S rRNA gene of the tested strain was submitted in GenBank with accession number AB813716. The phys-
ical and nutritional parameters were optimized to improve the production of antimicrobial agents by the
B. amyloliquefaciens Ss1,. The maximum antagonistic effect of this strain against the tested MDR pathogenic
bacteria was achieved in presence of 1% galactose and 0.5% yeast extract at 37°C and pH 7.0 after 48 h incu-
bation. The antibacterial compounds of B. amyloliquefaciens Ss1, were extracted, purified and characterized
using spectroscopic analysis (IR, UV, proton NMR and MS). The compound having inhibitory activity was
identified as butanedioic acid, octadecyl,1(1carboxylmethylethyl) 4octyl ester.
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Resistance to antibiotics has become a serious
problem; therefore efforts have been exerted to identify
novel compounds with antibacterial activity. These
compounds are undeniably one of the most important
therapeutic discoveries of the 20th century that had
effectiveness against serious bacterial infections [1].
Antibiotic resistance has increased substantially in the
recent years and is posing an ever increasing therapeu-
tic problem. Consequently, there is a need to continue
research to find out other alternative bacterial metab-
olites or novel natural agents with board activity
against multi-drug resistant (MDR) pathogenic bac-
teria. One of the methods to fight the antibiotics resis-
tance is by discovering new antimicrobial agents [2].
The need for novel substances to combat increased
antibiotic resistance in pathogenic bacteria has stimu-
lated the exploration of other than the traditional
sources, such as terrestrial actinomycetes or fungi [3].
Bioactive secondary metabolites like glycosides, sapo-
nins, tannins, alkaloids, sterols and terpenes are
believed to play an essential role in microbial interac-
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tions by mediating antagonistic activity and intercellu-
lar communication [4].

Production of antibacterial compounds seems to be
a general phenomenon for most bacteria, an admira-
ble array of microbial defense systems are produced
including broad—spectrum classical antibiotics, meta-
bolic by-products such as organic acids and lytic
agents. In addition, several types of V protein exotox-
ins and bacteriocins, which are biologically active pep-
tide moieties with bactericidal mode of action, were
described [5].

Compounds from Bacillus amyloliquefaciens strain,
have attracted a considerable interest and such sub-
stances as terpenoids and terpene alcohols were stud-
ied in details. Alkylation and hydroxylation of the ter-
penoides, phenols and fatty acids increase their anti-
microbial activity [6]. Inoue et al. [7] studied the
antibacterial effects of 3 terpene alcohols against
Staphylococcus aureus. They suggested that the terpene
alcohols, namely, farnesol, nerolidol and plaunotol
might damage cell membranes which were one of the
major modes of action of these compounds. Zengin
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Table 1. Sources of tested MDR pathogenic strains

Tested MDR .
. . Source Accession number
pathogenic strain
S. aureus Urine KF771028
L. monocytogenes | Double cream LMG10470
cheese

B. cereus Minced meat JX455159

E. coli Urine KF771030

K. pneumoniae Sputum KF771031

and Baysal [8] investigated the antibacterial activity
and antioxidant effect of o-terpineol, linalool, euca-
lyptol and oi-pinene obtained from essential oils; these
substances inhibited the growth of Salmonella typh-
imurium, Escherichia coli O157:H7 and S. aureus. The
antimicrobial activity of terpenoids was related to their
functional groups, and the hydroxyl group of the phe-
nolic terpenoids and the presence of delocalized elec-
trons were revealed as important elements for their
antimicrobial action [9].

Taking into account that isolation and characteri-
zation of bacteria from ancient temples is important
for the development of protection archaeological pro-
grams the aim of the study was to (i) isolate and iden-
tify the antimicrobial agents produced by bacteria
from different ancient archaeological soils in Egypt,
(ii) optimize the production of antimicrobial agents
against MDR pathogenic bacteria (Staphylococcus
aureus KF771028, Listeria monocytogenes LMG10470,
Bacillus cereus JX455159, Escherichia coli KF771030
and Klebsiella pneumonia KF771031) and (iii) charac-
terize and identify the bioactive compounds produced
by selected strain.

MATERIALS AND METHODS

Soil samples collection. Five soil samples were col-
lected from different archaeological regions of Egypt
according to the procedure described by Johonson
et al. [10]. The archaeological regions selected for the
study were Fakous, San El Hager and Tell Basta
(Sharkia governorate), Giza pyramids (Giza gover-
norate) and Idfou Temple (Aswan governorate).

Microbiological analysis. Isolation and purification
of the bacterial isolates. Bacterial cultures were isolated
from the collected soil samples by using standard dilu-
tion plate procedure [11]. Representatives of single
and pure colonies were picked up by sterile metal loop
and streaked on to brain heart infusion (BHI) agar
medium (Oxoid Ltd., UK). Slope cultures were then
made and stored at 4°C in a refrigerator throughout
the experiments.

Identification of bacteria. The pure bacterial cul-
tures were identified according to standard clinical
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laboratory methods reported and recommended by
Bergey’s Manual of Systematic Bacteriology [12].

Molecular identification of bacteria using 16S rRNA
analysis. Total DNA was extracted from the selected
bacterial isolate according to Sambrook and Russel
[13]. The gene encoding 16S rRNA was amplified by
PCR with universal primers (forward primer [F27]
5'-AGAGTTTGATCCTGGCTCAG-3' and reverse
primer [R1492] 5'-GGTTACCTTGTTACGACTT-3")
[14]. The amplification conditions were as follows:
94°C for 10 min and 35 cycles of denaturation at 95°C
for 30 s, annealing-extension at 56°C for 1 min, 72°C
for 1 min and an extension at 72°C for 10 min. Pres-
ence and yield of specific PCR products (16S rRNA
gene) were monitored by running 1% agarose gels.
Then the PCR product was cleaned up by using Gene-
JET™ PCR purification kit (Thermo Fisher Scien-
tific, USA).

Amplified DNA fragment was partially sequenced at
GATC Biotech AG (Germany) using ABI 3730x] DNA
sequencer using forward primer F27. A sequence of 16S
rRINA gene of the selected strain was deposited at NCBI
web server (www.ncbi.nlm.nih.gov). Sequence analysis
and comparison to published sequences were made
using the BLAST program (http://www.ncbi.nlm.nih.
gov/blast) [15]. Multiple sequence alignment and
molecular phylogeny were performed using BioEdit
software. The phylogenetic tree was displayed using
TreeView program.

Antimicrobial activity assay of bacterial isolates. The
bacterial isolates were screened for their capability to
inhibit some MDR pathogenic bacterial strains
including S. aureus KF771028, L. monocytogenes
LMG10470, B. cereus JX455159, E. coli KF771030
and Klebsiella pneumoniae KF771031 (Table 1), kindly
provided by Bacteriology Laboratory, Faculty of Sci-
ence, Zagazig University, Egypt. One mL (10° CFU)
of 24 h age culture of bacterial isolates were inoculated
in 100 mL nutrient broth medium containing (g/L):
peptone — 5.0; NaCl — 5.0; beef extract — 2.0; yeast
extract — 1.0 (pH 7 = 0.2) and incubated at 37°C for
24 h. Cultures were centrifuged at 6000 x g for 20 min
at 4°C. The cell-free supernatants (CFSs) were steril-
ized by filtration through a 0.22 um Millipore filter
(USA).

The antimicrobial spectra of the CFSs of the tested
isolates were determined using the disc diffusion
method according to Tagg and Mc-Given [16]. The
MDR pathogenic bacterial strains were cultured onto
nutrient agar (Oxoid Ltd., UK) for 24 h at 37°C, and
used to prepare cell suspensions in 9 mL normal saline
solution. Twenty mL of nutrient agar cooled to 45°C
was mixed with 100 pL of the pathogenic strains sus-
pension, pooled in Petri dishes and incubated aerobi-
cally for 2 h at 37°C. Sterilized filter paper discs (diam-
eter of 6 mm) saturated with 100 uL of CFSs were
placed on surface of seeded nutrient agar plates and
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incubated at 37°C for 24 h. Inhibition zones were
determined and measured in mm.

Optimization of culture conditions for growth and
antibacterial activity of B. amyloliquefaciens S5l strain.
Nutrient broth medium was subjected to stepwise
optimization to get maximum antibacterial activity of
B. amyloliquefaciens Ssl,. Different carbon (mannitol,
lactose, galactose, maltose, starch, glucose and
sucrose) and nitrogen (NaNO;, KNO,;, NaNO,,
NH,NO;, tryptone, L-Asp, yeast extract, casein and
peptone) sources were separately added at varied con-
centrations. The incubation was performed at pH val-
ues from 3.0 to 10.0) and temperatures from 20 to 40°C
for different incubation periods (24—72 h). The anti-
bacterial agent production was carried out in 250 mL
Erlenmeyer flask containing 50 mL of sterile medium.
Flasks were sterilized and inoculated with 1 mL of
overnight culture of the selected strain and then incu-
bated at 37°C for 48 h. The antibacterial efficacy of the
B. amyloliquefaciens Ssl, by-product was tested using
cell free filtrates (CFS) against MDR pathogenic bac-
teria. Well diffusion inhibition assay was conducted as
described by Cintas et al. [17]. The diameters of inhi-
bition zones (mm) were measured.

Extraction, purification and identification of bioac-
tive compounds obtained from B. amyloliquefaciens
S;s1, strain. Extraction. Three liters from B. amylolique-
Jaciens SsI, (48 h age) culture growing in optimized
production medium at 37°C and pH 7.0 were pre-
pared. The CFS was exposed overnight separately to
10 organic solvents 1 : 1 (vol/vol); absolute ethyl alco-
hol, ethyl acetate, acetone, methanol, pentanol,
methylene chloride, cyclohexane, chloroform, diethyl
ether and petroleum ether. The mixture was shaken
and separated using a separating funnel thrice. The
organic phase was collected and evaporated under
reduced pressure by using rotary evaporator. The
evaporation was continued until amount of 6 mL [18].
The extracts were assayed against the MDR pathogens
as described above.

Thin layer chromatography (TLC). The ethyl acetate
extract was analyzed by TLC using chloroform : acetic
acid : water (2:1: 1, vol : vol : vol) as the developing
solvent system [19]. TLC plates using silica gel 60 F,s,
(Merck, Germany) were pre-coated on thin glass
sheets (size: 5 X 20 cm, layer thickness: 0.2 mm;
Merck, Germany). TLC plates were air dried and
examined under UV apparatus (Spectroline, Model:
CX-21/F, long wave UV, and short wave UV,s,,
USA). The R;value for each spot (blue and green) was
determined to test antibacterial substances activity.
The antibacterial test was carried out as previously
mentioned [17] and the % of inhibition was calculated.

Spectroscopic and the elemental analysis of the puri-
fied antibacterial substances. IR, UV, proton NMR and
MS analyses were carried out in the Microanalytical
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Center of Faculty of Science of Cairo University
(Egypt).

RESULTS AND DISCUSSION

Antibiosis, production of antibiotic compounds
and inhibition of the growth of other microorganisms,
is the most important mechanism expressed by the
antagonistic bacteria [20]. A microbial biological con-
trol agent may act against pathogens differently: by
weakening or destroying the pathogen, competing for
space and nutrients or producing antimicrobial com-
pounds and enzymes that attack the cell components
of the pathogens [21]. The new substances produced
by certain microorganisms were used as antimicrobial
agents instead of synthetic chemicals [22]. In the pres-
ent study, 68 bacterial colonies were isolated from
5 archaeological soils in Egypt, purified and main-
tained on nutrient agar slants. The antibacterial effi-
ciency of these isolates was screened for their capabil-
ity to inhibit some M DR pathogenic bacterial strains
(data not shown). It was necessary to isolate and char-
acterize bacteria from ancient temples, to be able to
develop protection programs for such archaeological
places. According to Poletti et al. [23], microbial con-
tamination was evaluated by enumeration of bacteria,
actinomycetes and fungi present on ancient wall paint-
ings of medieval churches of the Campania region
(Italy). In this connection, 46 Streptomyces strains
were isolated from paintings and stone surfaces from
Tell Basta and Tanis Tombs (80 km south-east Cairo,
Egypt). Eight of these strains were selected to deter-
mine their sensitivity against 13 antibiotics [24]. De-
Chao et al. [25] isolated and characterized bacterial
strains from ancient (Neogene) permafrost sediment
that was permanently frozen for 3.5 million years. The
sampling site was located at Mammoth Mountain in
the Aldan river valley in Central Yakutia in Eastern
Siberia (Russia). These species were characterized
with regard to ability to grow at varied temperatures
and on different media, in the presence of NaCl, anti-
biotics and heavy metals and were tested for sensitivity
to antibiotics.

In this study, 10 bacterial isolates (15%) exhibited
the highest antibacterial activities were selected for
further screening against tested MDR pathogenic bac-
teria (Table 2). The results revealed that SsI, isolate
had broad spectrum effect against most tested patho-
genic bacteria. It was observed that S. aureus strain was
the more sensitive organism, while E. coli showed the
lowest sensitivity. These results coupled with the find-
ings previously published by Zhao et al. [26]. The
resistance of bacterial isolates to antibiotics may be
due to thickening of cell wall and deposition of outer
membrane protein and modification of specific site (s)
receptors [27].
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Table 2. Screening activities of selected bacterial isolates against certain MDR pathogenic bacteria*

Tested MDR pathogenic bacteria Inhibition diameter, mm
Selected isolate S. aureus L. monocytogenes B. cereus E. coli K. pneumoniae
KF771028 LMG10470 JX455159 KF771030 KF771031
S,F; 10.00 + 0.50' 9.00 + 0.50¢ 13.00¢" + 0.50 7.00 £+ 1.008 10.00 + 0.509¢
S,Fq 11.00 % 0.50°F 11.00 % 1.00¢ 14.00 + 1.009% 10.00 % 0.50F 12.00 % 0.50°¢
S,Hy 13.00 + 0.50° 9.00 + 0.50¢ 10.00 £ 0.508 11.00 + 1.00°f 9.00 £ 1.00°¢
S,Hy, 10.00 + 0.50' 11.00 £ 1.00¢ 15.00 % 1.00°¢ 12.00 + 0.509¢ 11.00 + 0.50°
S;Ts 15.00 £+ 0.87° 17.00 + 0.872 17.00 £ 0.50° 15.00 £ 1.00% 12.00 + 1.00%
S,GP, 9.00 £ 1.008 10.00 + 0.50¢ 11.00 + 1.26f 13.00 + 0.50° 11.00 + 1.00°¢
S,GP¢ 12.00 + 1.26% 11.00 £ 1.00¢ 13.00 & 1.32¢f 14.00 + 1.32%° 11.00 + 1.00%
Ss1, 23.00 + 0.582 17.00 £ 0.50% 20.00 + 0.50? 14.00 £ 0.50* 16.00 = 1.00?
Ssls 14.00 & 1.00°¢ 16.00 + 1.002 15.00 £ 0.50%4 11.00 % 1.00¢f 13.00 £ 1.00°
Sslg 12.00 % 0.50% 14.00 + 1.00° 16.00 + 1.32%¢ 7.00 £+ 1.008 10.00 + 0.509¢

* The different letters in each row mean significant effect. S| — soil 1; S, — soil 2; S3 — soil 3; S4 — soil 4; S5 —soil 5. F — Fakous; H —
San El-Hagar; T — Tell Basta; GP — Giza Pyramids; I — Idfou Temple

S, isolate was identified according to Bergey’s
Manual for Systematic bacteriology [14] as Bacillus
amyloliquefaciens. The identification of B. amylolique-
Jaciens Ss1, was molecularly confirmed by investigation
of 16S rRNA analysis. Sequence data were submitted to
GenBank at NCBI web site (www.ncbi.nlm.nih.gov)

L, bacillus rh

Iy

with accession number AB813716. BLAST program
(www.ncbi.nlm.gov/blast) for phylogenetic analysis was
used to assess the similarities of obtained 16S rDNA
gene sequence (Fig. 1).

The biosynthesis of secondary metabolites by
Bacillus spp. is controlled by several factors as medium
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Fig. 1. Phylogenic tree showing location B. amyloliquefaciens Ssl,.

APPLIED BIOCHEMISTRY AND MICROBIOLOGY  Vol. 52

No. 6 2016



EFFICIENT INHIBITION OF SOME MULTI-DRUG RESISTANT

597

Table 3. Antibacterial activities of the extracted purified compounds produced by B. amyloliquefaciens Ssl,

Diameter of inhibition zone, mm*

Tested MDR pathogenic bacteria
compound 1
S. aureus KF771028 27 £ 3°
L. monocytogenes LMG 10470 22 4+ 2P
B. cereus JX455159 25+ 22
E. coli KF771030 19+£2°
K. pneumoniae KF771031 21 +3b

compound 2 compound 3
30 £ 2% 33122
24 + 2@ 26+ 1°
26 + 27 29 + 32
20 £ 2% 24 +32
22+2° 27+£2%

* The different letters in each row mean significant effect.

composition and cultivation conditions involved a
highly complex regulation [28]. Therefore, optimiza-
tion of conditions is necessary for biosynthesis of the
inhibitory compounds from microorganisms. The
modified nutrient broth medium was used as a basal
medium. This medium was subjected to different con-
ditions as supplementation with and/or replacement
of nutrients to evaluate the growth and production of
inhibitory compound by S;sl, isolate. Incubation
period, temperature, pH value, carbon and nitrogen
sources were changed to find optimal cultural condi-
tions for the activities of B. amyloliquefaciens Ssl,
against MDR pathogenic bacteria (Fig. 2). For the
tested bacterium, the maximum antibacterial activity
against most MDR pathogens occurred in medium
supplemented with 1% galactose and 0.5% vyeast
extract (pH 7.0) at 37°C after 48 h incubation. These
results are in agreement with those of Hung-Yun et al.
[29] who reported that the iturin A production was
affected to different levels by application of pH control
between 4.0 and 9.0. The optimal value of the pH of
the medium for iturin A production by B. amylolique-
faciens B128 was found to be 6.64. In this connection,
Prasad et al. [30] revealed that the highest yield of exo-
polysaccharides from B. amyloliquefaciens BPRGS
strain was found when yeast extract was supplied as the
nitrogen source.

The antibacterial compounds produced by B. amy-
loliquefaciens S;1, were extracted, purified and identi-
fied using IR, UV, NMR and MS analysis. The bacte-
ria were grown in optimized and modified nutrient
broth medium adjusted at pH 7.0 for 48 h at 37°C.
CEFS was collected and treated with different organic
solvents; the organic phases were collected and tested
against MDR pathogenic bacteria. It was found that
the ethyl acetate was the most efficient solvent for
extraction of the active antibacterial substances pro-
duced by B. amyloliquefaciens Ss1,. TLC analysis of the
extract indicated that 3 major spots of pure bioactive
substances were formed at Ry values of 0.169, 0.172 and
0.262 for compounds 1, 2 and 3, respectively (data not
shown). The results in Table 3 revealed that com-
pound 3 was the most active fraction against all the
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tested MDR pathogenic bacterial strains arranged in
the following descending order according to the diam-
eter of inhibition zones and the efficiency of purified
compound as S. aureus > B. cereus > K. pneumonia >
L. monocytogenes > E. coli. This fact indicated that the
tested Gram-positive MDR strains were more sensi-
tive than Gram-negative bacteria. These results are in
agreement with those published by Sutyak et al. [31]
reported that B. amyloliquefaciens produced subtilisin
which possesses antimicrobial activity against a variety
of pathogenic organisms, including Gardnerella vagi-
nalis, L. monocytogenes, and Streptococcus spp (Group
B Streptococcus).

Different analysis techniques were used for charac-
terization of the most antibacterial compound 3. The
IR spectrum of the purified compound 3 was carried
out in the range of 4000—400 cm~' and the most effec-
tive bands were revealed at 3463, 1638 and 548 cm™!
which correspond to v(OH), v(C=0) and v(CH)
groups, respectively [32]. UV—Vis spectral data of the
compound 3 was recorded from 200 to 800 nm as
shown in Fig. 3. Band at 270 nm may be assigned to n-
* transitions [33]. Also, a proton NMR of purified
compound 3 revealed the signals at 1.079 for (allylic
methyl), 1.65 for (allylic methyl), 3.33, 3.324 and
3.236 for 3 (methoxy groups), 3.49 and 3.32 for
(2 methoxy groups), 4.46, 4.6, 4.66, 4.664, 4.72,4.78,
4.79, 4.81, 4.85 and 4.86 for several (—CH—), and 12.2
for (OH group). Production of antimicrobial sub-
stance(s) by members of B. amyloliquefaciens taxon
was reported by many investigators. MS of the com-
pound 3 is in a good agreement with the suggested for-
mula C;,H¢,O4, and molecular ion peak (M) at
m/z = 568 (Fig. 4). The compound 3 has no character-
istic odor and is soluble in chloroform, ethyl acetate,
butanol and petroleum ether.

Based on the IR, NMR, MS and the recom-
mended keys for identification of antibiotics, the sug-
gested name of compound 3 may be butanedioic acid,
octadecyl, 1-(1-carboxylmethylethyl) 4-octyl ester
and its expected structure is presented in Fig. 5. In this
connection, identification of an antibiotic involves
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Fig. 2. Optimum cultural conditions for antibacterial production by B. amyloliquefaciens Ssl, against tested MDR pathogenic bac-
teria: (a) incubation period; (b) incubation temperatures; (c) pH values; different carbon (d) and nitrogen (e) sources. (/) E. coli
KF771030; (2) K. pneumoniae KF771031; (3) S. aureus KF771028; (4) L. monocytogenes LMG10470; (5) B. cereus JX455159.
In (d): I—maltose; I1—glucose; I11—galactose; IV—lactose; V—mannitol; VI—starch; VII—sucrose. In (¢): [-NaNOj3; II—KNO3;
INI—NH4NOj3; IV—NaNO,; V—yeast extract; VI—peptone; VII—casein; VIII—tryptone; IX—L-Asp.
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two general stages: (1) assignment to a general group
and (2) comparison with other member of the group to
which it has been assigned in order to see whether or
not it is identical with a known compound [34].

In conclusion, the extraction, purification and
identification of the effective bioactive compound as
butanedioic acid, octadecyl, 1-(1-carboxylmethy-
lethyl) 4-octyl ester produced by B. amyloliquefaciens
S;1, strain (isolated from Idfou Temple, Aswan gover-
norate, Egypt) have been performed. This compound
could be used to reduce the growth of MDR patho-
genic bacteria including S. aureus, L. monocytogenes,
B. cereus, E. coli and K. pneumonia.
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